Twelve lactic acid bacteria (LAB), previously selected in vitro (Gaglio et al., 2014) , were evaluated in situ for their potential to act as starter cultures for the continuous four-season production of Vastedda-like cheese, made with raw ewes' milk. The strains belonged to Lactobacillus delbrueckii, Lactococcus lactis subsp. cremoris, Leuconostoc mesenteroides subsp. mesenteroides and Streptococcus thermophilus. LAB were first inoculated in multiple-strain combinations on the basis of their optimal growth temperatures in three process conditions which differed for milk treatment and medium for strain development: process 1, growth of strains in the optimal synthetic media and pasteurised milk; process 2, growth of strains in whey based medium (WBM) and pasteurised milk; and process 3, growth of strains in WBM and raw milk. The strains that acidified the curds in short time, as shown by a pH drop, were all mesophilic and were then tested in a single inoculum through process 3. Randomly amplified polymorphic DNA (RAPD)-PCR analysis applied to the colonies isolated from the highest dilutions of samples confirmed the dominance of the added strains after curd acidification, stretching and storage. After 15 days of refrigerated storage, the decrease in pH values showed an activity of the mesophilic strains at low temperatures, but only Lc. lactis subsp. cremoris PON153, Ln. mesenteroides subsp. mesenteroides PON259 and PON559 increased their number during the 15 days at 7°C. A sensory evaluation indicated that the cheeses obtained by applying protocol 3 and by inoculation with lactococci are the most similar to the protected denomination of origin (PDO) cheese and received the best scores by the judges. Thus, the experimental cheeses obtained with raw milk and inoculated with single and multiple combinations of lactococci were subjected to the analysis of the volatile organic compounds (VOCs) carried out by a headspace solid phase microextraction (SPME) technique coupled with gas chromatography with mass spectrometric detection (GC/MS). The dominance of lactococci over thermophilic LAB of raw milk was verified during summer production and, based on the combination of VOC profiles and sensory evaluation of the final cheeses, the multi-strain Lactococcus culture resulted in the most suitable starter preparation for the full-year production of Vastedda-like cheese.
In the last years, the request for traditional dairy products increased and this phenomenon is still on the increase. Furthermore, the consumers demanding foods with no or reduced chemical preservatives for food conservation (Leite et al., 2006) , determined a re-discovery of typical cheeses produced in restricted areas (Settanni et al., 2012a) .
In Italy, the majority of ewes' milk cheeses are processed with raw milk and are considered to be traditional; some of them enjoy a "protected designation of origin" (PDO) status (Todaro et al., 2011) . Within this group, "Vastedda della valle del Belìce" cheese is typical of the homonymous valley of Sicily (Italy); it is produced without the addition of starter cultures (GUE no. C 42/16 19.2.2010 ) applying the technology of stretched ("pasta filata") cheeses consisting of an acidification followed by the scalding of the acidified curd (Salvadori del Prato, 1998) . "Vastedda della valle del Belìce" cheese does not undergo a ripening process, it is sealed under vacuum and kept under refrigeration until consumption which can take place after a short time from production (Mucchetti et al., 2008) . This is in contrast with the general trend to use raw milk for extra-hard cheeses that are ripened for a long period (Settanni et al., 2013) .
Raw milk cheeses deserve greater attention than cheeses made with thermally treated milk since the final products can become contaminated by pathogenic microorganisms as a result of their presence in raw milk, as well as their subsequent survival during the cheese making process (Donnelly, 2004) . This is particularly true when the cheeses are consumed fresh, even though the stretching phase at high temperatures of pasta filata cheeses contributes to the safety of the resulting products.
Since cheeses can be obtained only if lactic acid bacteria (LAB) are present in milk before coagulation (Parente and Cogan, 2004) , they should be contaminants of the milk or the equipment used for cheese making, or they must be added (Settanni and Moschetti, 2010) . The last strategy may compromise the typicality of the final product, but the addition of autochthonous strains that derive from the environment/equipment and are highly adapted to the production area may provide the typical characteristics to cheeses (Micari et al., 2007 ).
An optimal starter culture for typical cheeses should drive the fermentation process in an appropriate direction by inhibiting the undesired microorganisms to warrant the hygienic aspects, but not alter the typical sensory profile of the traditional cheese (Settanni et al., 2013) .
"Vastedda della valle del Belìce" cheese was traditionally produced only during the summer season, but it is currently requested throughout the year. This results in cheeses characterized by marked differences among the seasons, especially between summer and winter productions, and the final quality is unpredictable. Regarding the microbiology of cheeses, it might be greatly affected by the different temperatures registered in Sicily between summer, when the environmental temperatures may reach 30-35°C, and winter with temperatures below 15°C. Since the modern systematic approach to minimising microbial variability and obtaining cheeses with the desired characteristics, consistently over time, is based on the use of starter cultures, they should be constituted by autochthonous microorganisms which can ensure the maintenance of the typicality (Gaglio et al., 2014) . At this respect, the strain selection for the four-season production of "Vastedda della valle del Belìce" cheese, has to consider the heat resistance during stretching and the capacity to carry out the acidification at high temperatures during summer as well as at low temperatures during winter.
With the aim to convert the production process for PDO "Vastedda della valle del Belìce" cheese from a production performed with raw milk without starters to a production carried out with raw milk and natural starters, during all four seasons of the year, the objectives of the present work were: to evaluate the in vivo acidifying ability of twelve strains of LAB; to evaluate their dynamics and to monitor their levels during the refrigerated storage of the experimental cheeses; and to select the strains providing the best cheeses in terms of sensory characteristics and volatile organic compounds.
Materials and methods

Strains and growth conditions
Twelve LAB strains (Lactobacillus delbrueckii PON79, PON256 and PON405, Lactococcus lactis PON36, PON153 and PON203, Leuconostoc mesenteroides PON169, PON259 and PON559, Streptococcus thermophilus PON244, PON120 and PON242), isolated from PDO Vastedda della Valle del Belìce cheese samples and selected as technologically relevant in cheese making based on their acidification activity, generation of aromatic compounds and production of antimicrobial substances (Gaglio et al., 2014) , from a total of 74 strains, were used in this study. The strains belonging to the culture collection of the Agricultural Microbiology laboratory of the Department of Agricultural and Forestry Science -University of Palermo (Palermo, Italy), were grown overnight as follows: lactobacilli in MRS broth incubated at 42°C, streptococci in M17 broth incubated at 44°C, lactococci and leuconostocs in M17 broth at 30°C. All media were purchased from Oxoid (Milan, Italy).
Lc. lactis strains were genetically identified at subspecies level applying the PCR amplification of the gene acmA as described by Garde et al. (1999) . The RAPD analysis tool reported by Pérez et al. (2002) was used to discriminate among the different subspecies of Ln. mesenteroides.
Cheese production
The LAB strains were first mixed together in different multi-strain inocula: all strains belonging to each species in triple combination (Lb, lactobacilli; Lc, lactococci; Ln, leuconostocs; St, streptococci) ; all thermophilic strains (Lb-St, lactobacilli and streptococci); and all mesophilic strains (Lc-Ln, lactococci and leuconostocs). The bacterial mixtures were prepared after the individual overnight growth of each strain in different conditions: process 1, after growth in the optimal synthetic medium, re-suspended in Ringer's solution [overnight cultures were centrifuged at 5000 ×g for 5 min, washed twice in Ringer's solution and re-suspended in the same solution till reaching an optical density (OD) at 600 nm of ca. 1.00 which approximately corresponds to a concentration of 10 9 CFU/mL] and inoculated in pasteurised (72°C for 15 s) ewes' milk; process 2, after growth in whey-based medium (WBM), prepared as reported by Settanni et al. (2012a) , and inoculated in pasteurised ewes' milk; process 3, after growth in WBM and inoculated in raw ewes' milk. The preparation of the cells for processes 2 and 3 was the same as that reported for process 1, but when OD600 was approximately 1.00, the cells were centrifuged once again and resuspended in WBM in place of Ringer's solution. The inocula were added to a final concentration of approximately 10 7 CFU/mL in milk.
The multi-strain inocula included all strains at the same final concentration. Control cheeses were produced without the addition of starters: CP1, control for cheese making with pasteurised ewes' milk and Ringer's solution (process 1); CP2, control for cheese making with pasteurised ewes' milk and WBM (process 2); and CP3, control for cheese making with raw ewes' milk and WBM (process 3) (Fig. 1) . The experimental cheese making trials were carried out in a dairy pilot plant (Istituto Zooprofilattico Sperimentale della Sicilia "Adelmo Mirri", Palermo, Italy) using the POLYFOOD mod. SI-050 (INVENTAGRI ™, Modena, Italy). Each trial was performed with 10 L of milk; according to the experimental plan, milk (heated at 38°C) was inoculated with the corresponding bacterial mixture and added with 3 g of rennet paste (Clerici Sacco International, Cadorago, Italy). After curdling, 1 L of H 2 O kept at 60°C was added to each trial during the curd cutting until small rice-size grains were obtained. The curds were put into perforated containers and the pH was monitored electrometrically using the portable pH meter Russell RL060P (Thermo Fisher Scientific, Beverly, MA) at 1 h intervals for the first 6 h and, subsequently, at 12 h intervals until the value reached the range of 5.20-5.40. Room temperature of the experimental dairy factory where the acidification step took place was monitored by a 175-T2 data logger (Testo, Settimo Milanese, Italy) . After acidification, the curds were stretched under hot (85°C) water and moulded to a circular shape. The cheeses were salted in brine containing 20% NaCl (w/v) for 30 min, air dried for 24 h and then kept refrigerated (at 7°C) under vacuum.
The strains whose combinations showed the best results in terms of kinetics of curd acidification were then tested individually (as reported above) in cheese making (Table 1) applying the conditions of process 3, after growth in WBM and inoculated in raw ewes' milk.
Cheese trials were carried out in duplicate in two consecutive weeks during February 2013. pH measurements were carried out in duplicate for each trial at each time.
Microbiological analyses
The curds were collected soon after transfer into the perforated containers and, then, before stretching (acidified curds). The final cheeses were analysed soon after stretching and after 15 days of refrigerated storage. The first dilution of each sample (10 g) was performed in sodium citrate (2% w/v) solution by homogenisation in a stomacher (BagMixer® 400, Interscience, Saint Nom, France) for 2 min at the highest speed. Further serial dilutions were continued in Ringer's solution. Microbial suspensions were plated and incubated as follows: total mesophilic count (TMC) on plate count agar (PCA) with 1 g L −1
added skimmed milk (SkM), incubated aerobically at 30°C for 72 h; total psychrotrophic counts (TPC) on PCA-SkM, incubated aerobically at 7°C for 7 days; mesophilic and thermophilic rod LAB on MRS agar, acidified at pH 5.4 with lactic acid (5 mol L −1 ), incubated anaerobically for 48 h at 30 and 44°C, respectively; and mesophilic and thermophilic coccus LAB on M17 agar, incubated anaerobically for 48 h at 30 and 44°C, respectively. TPC were monitored only during cheese storage. Microbiological counts were carried out in duplicate.
Monitoring of the bacterial inocula
The presence of the microorganisms added as starter cultures in the cheese trials with individual inocula (Lc. lactis PON36, PON153 and PON203 and Ln. mesenteroides PON169, PON259 and PON559) was confirmed, after colony isolation from the highest dilution of sample suspensions, by microscopic inspection and randomly amplified polymorphic DNA (RAPD) analysis. DNA from broth cultures was extracted by the Instagene Matrix kit (Bio-Rad, Hercules, CA) as described by the manufacturer. Crude cell extracts were used as template for PCR. RAPD-PCR was performed by means of T1 Thermocycler (Biometra, Göttingen, Germany) as reported by Settanni et al. (2012b) . Amplified DNAs from the isolates of a given trial, together with that of the pure culture(s) corresponding to the same trial, were loaded onto a gel in order to recognise the inoculated bacteria.
Sensory analysis
The effect of the different bacterial inocula on the final characteristics of the cheeses was evaluated by sensory analysis on samples kept refrigerated for 15 days. A PDO Vastedda della Valle del Belìce cheese production conserved in the same conditions as the experimental cheeses was used for sensory comparison.
The descriptive panel consisted of thirteen judges (seven females and six males, 28-52 years old) familiar with the sensory analysis of cheeses, but not specifically trained in the evaluation of Vastedda della Valle del Belìce cheese. The judges were asked to score fourteen descriptors regarding the aspect (colour, oil, presence of eyes and uniformity of structure), the smell (strength of odours, pasture and pungent odour), the taste (taste intensity, salt, bitter and spicy) and the consistency (soft/hard, saliva evoking and dispersion).
The sensory analysis was conducted following the ISO 13299 (2003) indications. The panellists performed the analysis in individual chambers and had no specific information about the experimental design. All cheeses were administered in pieces of about 3 × 3 × 2 cm in size left at ambient temperature (ca. 20°C) for 60 min and presented in coded white plastic plates in a randomised order.
Analysis of cheese volatile organic compounds
The cheeses which reached the best scores in terms of appearance, smell, taste and consistency were analysed for their volatile organic compound (VOC) composition after 15 days of refrigerated storage. VOCs were determined using the headspace solid phase microextraction (SPME) technique coupled with gas chromatography with mass spectrometric detection (GC/MS). The cheeses, frozen at −20°C, were manually grated and 10 g of each cheese were transferred into a vial, added with 10 mL H 2 O and 30 μL of internal standard solution [4-methyl-2-pentanone (4.14 g/L) and isobutyric acid (20 g/L) in H 2 O]. The vials, kept under magnetic stirring, were heated at 60°C until melting (Carlin and Versini, 2005) and the headspace was collected by DBV-carboxen-PDMS fibres (Supelco, Bellefonte, PA) for 30 min. The SPME fibre was inserted directly into a Finnegan Trace MS for GC/MS (Agilent 6890 Series GC system, Agilent 5973 Net Work Mass Selective Detector, Milan, Italy) equipped with a DB-WAX capillary column (Agilent Technologies, 30 m, 0.250 mm i.d., film thickness 0.25 μm, part no. 122-7032). The GC temperature was 40°C for 2 min (during splitless injection), from 40 to 60°C, 4°C/min, 60°C for 2 min, from 60 to 190°C, 2°C/min, from 190 to 230°C, 5°C/min, 230°C for 15 min; injector 250°C, Fid 250°C, transfer line 230°C, carrier helium 1 mL/min; EM. 70 eV. Mass spectra were recorded by electronic impact (EI) at 70 eV using ion source temperatures at 200°C. The scan mode was used to detect all the compounds in the range of m/z 33-495 atomic mass units (amu). The individual peaks were identified by comparison of their retention indices to those of authentic samples, as well as by comparing their mass spectra with the NIST/EPA/NIH Mass Spectral Library database (Version 2.0d, build 2005). The results were expressed in milligrams per kilogram as 4-methyl-2-pentanone. All solvents and reagents were purchased from WWR International (Milan, Italy). Chemical and physical determinations Abbreviations: CP1, control for the production protocol 1; CP2, control for the production protocol 2; CR, control for the production protocol 3; Lb, lactobacilli; Lc, lactococci; Ln, leuconostocs; St, streptococci; Lb-St, lactobacilli and streptococci; Lc-Ln, lactococci and leuconostocs.
Results indicate mean values ± SD of four measurements (carried out in duplicate for two independent productions). Uppercase letters indicate different statistical significances (overall P b 0.05, Tukey's correction). Means within a given column with the same letter are not statistically different from each other. a 1, Growth of bacteria in the optimal synthetic media, re-suspension in Ringer's solution and inoculation in pasteurised ewes' milk; 2, growth of bacteria in WBM and direct inoculation in pasteurised ewes' milk; 3, growth of bacteria in WBM and direct inoculation in raw ewes' milk.
were performed in triplicate and the results expressed as means ± standard deviation.
Induction of the lytic cycle
The search of the lysogenic state of the LAB showing the best results after sensory evaluation and VOC analysis was performed by the chemical induction of the lytic cycle, adapting the method of Cochran and Paul (1998) . Overnight grown broth cultures were treated by adding mitomycin C (1 mg/mL). Controls were left untreated. After incubation for 24 h at room temperature in the dark, the presence of lytic phages was detected by the plaque assay modified (PAm) as described by Franciosi et al. (2009) .
Summer production of Vastedda-like cheese
The strains showing the best performance during winter production were evaluated during summer to evaluate their ability to compete with the indigenous thermophilic LAB of raw milk. Summer production was carried out in duplicate between June and July 2013. In order to test the selected strains in "working" rather than "experimental" conditions, cheese making was performed at an industrial level in the dairy factory "Il Cacio Siciliano" located in Belmonte Mezzagno (Palermo, Italy), applying the same conditions as (process 3) the winter production. Acidification of curds, refrigerated storage of cheeses, strain recognition and VOC analysis were conducted as reported above.
Statistical analyses
Data of acidification and volatile organic compound concentration were statistically analysed using the ANOVA procedure. Differences between means were determined by Tukey's multiple-range test. Significance level was P b 0.05.
Sensory evaluations were analysed using the generalised linear model (GLM) procedure. The discrimination efficiency of the attributes for each assessor was tested by a 2-factor analysis of variance (ANOVA), with judges (i = 1…11) and experimental cheeses (j = 1…27) as fixed factors. Least square means (LSM) were compared using T test (P b 0.05).
All statistical analyses were conducted using the software SAS 2004, version 9.1.2 (Statistical Analysis System Institute Inc., Cary, NC, USA).
Results and discussion
Effect of bacterial inocula on the acidification kinetics of curds
In this study, we evaluated the dynamics of mesophilic and thermophilic LAB strains during winter production of Vastedda-like cheese, assuming that mesophilic strains are able to perform curd acidification during summer whereas thermophilic strains may not be able to carry out this process during winter, when the temperatures are too low. The cheese making was conducted at pilot-scale level in standard conditions in order to keep all process variables, except temperature, under control and to avoid the casual effects of the factory-scale productions . The entire experimentation was performed in February, which is one of the coldest months in Sicily. The temperature was not kept controlled during curd acidification to mimic the conditions of the artisanal cheese factories.
One of the medium used for LAB growth was prepared with whey, since LAB starters for the production of pasta-filata cheeses are commonly provided in the form of natural whey starter cultures (NWSC) (Parente et al., 1998) . However, the strains tested in this study were isolated from cheese and, before the inocula could be provided in the form of whey starter cultures, their optimal development in whey had to be checked.
The acidification of curds determined by the addition of the selected LAB was followed until the value was comprised in the range of 5.20-5.40 (Table 1) which corresponds to the level of acidity allowing the stretching of the curd (Niro, 2011) . At those pH values most of dicalcium-para-caseinate gets converted into mono-calcium paracaseinate which provides the strings and sheen to the cheese (Kosikowski, 1958) . After genetic identification at subspecies level, all lactococci were found to belong to Lc. lactis subsp. cremoris, while all leuconostocs belonged to Ln. mesenteroides subsp. mesenteroides.
Room temperatures registered during the acidification step were in the range of 10.9-12.9°C during the night (6 pm-6 am) and 13.8-16.5°C during the day (6 am-6 pm). Both curds of the control cheeses produced with pasteurised milk (CP1 and CP2) could be stretched after 5 days, while the curds of control cheese made with raw milk (CP3) reached a pH suitable for stretching at the third day of acidification. The triple inocula of lactobacilli acidified both pasteurised and raw milk before the triple inocula of streptococci. Generally lactobacilli and streptococci needed more time than leuconostocs and lactococci to acidify the curds. Lactobacilli determined a decrease in pH value in the range of 5.20-5.40 after 48 h in raw milk, while at least 72 h was necessary in pasteurised milk. Hence, the thermophilic combinations were not able to acidify in the time requested by the disciplinary of PDO "Vastedda della valle del Belìce" cheese (GUE no. C 42/16 19.2.2010).
Regarding mesophilic strains, lactococci were a stronger acidifier than leuconostocs and the best results were registered after the application of process 2, for which the pH reached 5.26 at 3 h from milk curdling. Although the application of process 3 reduced the time for the acidification by thermophilic strains, it delayed the drop of pH by lactococci and leuconostocs. This observation might be explained by the fact that the LAB, presumably mesophilic, present in raw milk overcame the thermophilic Lb, St and Lb-St inocula, but have undertaken a competition with Lc, Ln and Lc-Ln inocula. However, both mesophilic groups reached the wanted pH within 6 h from coagulation. The multiple strain/species combination showed results similar to those of the triple strain combinations of the single species, except Lc-Ln for process 2 which reached 5.21 after 5 h, while Lc alone at 3 h. Due to the rapid acidification of curds determined by the mesophilic strains in combination, all lactococci and leuconostocs were tested singly applying process 3 to register their behaviour in raw milk. Lc. lactis subsp. cremoris PON 153, Ln. mesenteroides subsp. mesenteroides PON259 and PON559 were not able to reach at least 5.40 within 6 h, but Lc. lactis subsp. cremoris PON 36 and PON 203 determined a final pH of 5.29 and 5.33, respectively at the 5th hour from curdling. As a matter of fact, Lc. lactis subsp. cremoris PON153, and Ln. mesenteroides subsp. mesenteroides PON259 and PON559 showed an acidification kinetics compatible with the 24 h laid down by the PDO disciplinary, while the other mesophilic strains determined a too rapid process. However, a rapid acidification of the curd is important to prevent the growth of undesirable (spoilage/pathogenic) microorganisms.
Immediately after stretching, all Vastedda cheeses showed a pH value ranging between 5.38 and 5.60. The increase of pH after the stretching phase is a common phenomenon due to the loss of acids during treatment with hot water (Mucchetti and Neviani, 2006) . After 15 days of refrigerated storage, the only pH that decreased consistently (P b 0.05) were those determined by Lc, Ln and Lc-Ln inocula, showing a certain activity of the mesophilic combinations at low temperatures. The final pH registered in the presence of Lc. lactis subsp. cremoris and Ln. mesenteroides subsp. mesenteroides inoculated singly were higher than those displayed by the multiple combinations, but their values were significantly (P b 0.05) different from those registered soon after production.
Microbial dynamics
Changes in the levels of concentration of TMC, mesophilic and thermophilic rod and coccus LAB during the acidification of curds and, subsequently, the refrigerated storage are shown in Tables 2 and 3. In Table 3 , the evolution of TPC is also reported.
All the three curds obtained from the control cheese productions (CP1, CP2 and CP3) were characterized by the highest counts on M17 agar, indicating the dominance of mesophilic coccus LAB, which concentrations were comparable with those of TMC ( Table 2 ). All curds obtained from the milks inoculated with the thermophilic LAB, rods or cocci, mono-species or multi-species combinations, did not show increases in their numbers during the acidification of any of the process considered. On the contrary, all curds started with mesophilic LAB showed an increase of concentrations of this group of at least 1 Log; the highest levels were registered for the combination Lc-Ln of the processes 1 and 2 which reached 10.1 and 10.0 Log CFU/g, respectively, in 5 h. The single inoculum of Lc. lactis subsp. cremoris and Ln. mesenteroides subsp. mesenteroides were all characterized by the increase of the mesophilic LAB concentration, but Ln. mesenteroides subsp. mesenteroides PON259 increased this level until barely 8.2 Log CFU/g, whereas all other five strains determined a final level above 9.00 Log CFU/g.
After stretching (Table 3) , the levels of TPC ranged between 4.7 and 8.0 Log CFU/g. The lowest concentration of TPC was displayed by CP2, while the highest by Lc-Ln of process 2. The levels of TMC of the cheeses were due to the LAB inoculated. At the 15th day of refrigerated storage, only the cheeses started with mesophilic LAB showed the final levels of this group at high concentrations. Also control cheeses were characterized by high levels of mesophilic LAB which were almost 2.00 Log cycles higher than thermophilic LAB. The cheeses obtained with a single inoculum of mesophilic LAB were not all characterized by high numbers of mesophilic LAB after 15 days of storage, except for Lc. lactis subsp. cremoris PON153 and Ln. mesenteroides subsp. mesenteroides PON259, which reached the levels of 9.0 and 8.5 Log CFU/g, respectively, showing a consistent increase of their concentrations; the other 4 mesophilic strains did not seem to have increased during refrigeration.
Although the growth at sub-optimal temperatures results in a dramatic slow down of metabolism of Lc. lactis, strains of this species can develop at 4°C (Panoff et al., 1994) . The slowed metabolism of the mesophilic strains may play a relevant role to impact the sensory profile of cheeses that are kept refrigerated after production and are not subjected to ripening.
Strain recognition
The isolates collected from the highest dilutions of samples, were analysed at the strain level by means of RAPD-PCR with primer M13 in order to monitor the dynamics of the added strains. The direct comparison of the RAPD patterns (Fig. 2) allowed the recognition of the cultures in all 24 trials inoculated with selected LAB alone or in combination. This approach allowed the assessment of the evolution of the added LAB. In the multi-strain combinations, it allowed the establishment of the dominance of Lc. lactis subsp. cremoris PON153 and Ln. mesenteroides subsp. mesenteroides PON259 over the other mesophilic strains and revealed that the thermophilic combinations were not able to develop at dominant levels during the acidification step, but found them still viable after 15 days at 7°C (results not shown). The RAPD profiles of the LAB isolated at the highest concentrations from the control curds and cheeses excluded the presence of any of the 12 LAB used as starter in raw and pasteurised milk (results not shown). RAPD analysis is currently applied to monitor starter cultures at strain level during food production. Lc. lactis subsp. cremoris PON36 7.5 ± 0.6
Lc. lactis subsp. cremoris PON153 7.8 ± 0.4 7.9 ± 0.2 n.d.
Lc. lactis subsp. cremoris PON203 7.3 ± 0.6 7.9 ± 0.1 n.d.
Ln. mesenteroides subsp. mesenteroides PON169 7.5 ± 0.1
Ln. mesenteroides subsp. mesenteroides PON259 7.6 ± 0.4
Ln. mesenteroides subsp. mesenteroides PON559 7.5 ± 0.2
Abbreviations: CP1, control for the production protocol 1; CP2, control for the production protocol 2; CP3, control for the production protocol 3; Lb, lactobacilli; Lc, lactococci; Ln, leuconostocs; St, streptococci; Lb-St, lactobacilli and streptococci; Lc-Ln, lactococci and leuconostocs.
Results indicate mean values ± SD of four plate counts (carried out in duplicate for two independent productions). a 1, Growth of bacteria in the optimal synthetic media, re-suspension in Ringer's solution and inoculation in pasteurised ewes' milk; 2, growth of bacteria in WBM and direct inoculation in pasteurised ewes' milk; 3, growth of bacteria in WBM and direct inoculation in raw ewes' milk. M17 44°C 1 CP1 6.0 ± 0.1 7.9 ± 0.5 7.9 ± 0.1 7.0 ± 0.3 7.3 ± 0.2 7.9 ± 0.5 7.6 ± 0.1 8.5 ± 0. Lc. lactis subsp. cremoris PON153 6.0 ± 0.2 8.2 ± 0.4
Lc. lactis subsp. cremoris PON203 5.9 ± 0.2 8.4 ± 0.1
Ln. mesenteroides subsp. mesenteroides PON169 6.0 ± 0.4 6.3 ± 0.1
Ln. mesenteroides subsp. mesenteroides PON259 7.7 ± 0.2 7.1 ± 0.5
Ln. mesenteroides subsp. mesenteroides PON559 6.5 ± 0.1 8.6 ± 0.4
Results indicate mean values ± SD of four plate counts (carried out in duplicate for two independent productions). a 1, Growth of bacteria in the optimal synthetic media, re-suspension in Ringer's solution and inoculation in pasteurised ewes' milk; 2, growth of bacteria in WBM and direct inoculation in pasteurised ewes' milk; 3, growth of bacteria in WBM and direct inoculation in raw ewes' milk.
Sensory evaluation
The results of the sensory evaluation carried out by the judges on the 27 experimental cheeses and a PDO Vastedda della Valle del Belìce cheese, in duplicate, are reported in Table 4 . The addition of cheeses processed with the traditional PDO protocol is fundamental for the evaluation of the final characteristics imparted by the different strains (Settanni et al., 2013) . Except for the uniformity of the structure, Abbreviations: CP1, control for the production protocol 1; CP2, control for the production protocol 2; CP3, control for the production protocol 3; Lb, lactobacilli; Lc, lactococci; Ln, leuconostocs; St, streptococci; Lb-St, lactobacilli and streptococci; Lc-Ln, lactococci and leuconostocs; LSM, least square means; SEM, standard error of means; NS = not significant. Results indicate mean values. Values reported in bold were identical for PDO cheese and experimental cheeses processed with mono-culture inocula. a 1, Growth of bacteria in the optimal synthetic media, re-suspension in Ringer's solution and inoculation in pasteurised ewes' milk; 2, growth of bacteria in WBM and direct inoculation in pasteurised ewes' milk; 3, growth of bacteria in WBM and direct inoculation in raw ewes' milk. ⁎ P ≤ 0.05. ⁎⁎ P ≤ 0.01. ⁎⁎⁎ P ≤ 0.001. which was not significantly different among judges, all other sensory attributes were different both for judges and cheeses. The less notable differences were evidenced by pasture and pungent odour among judges and strength of odours among cheeses. Control experimental cheeses, except CP3 regarding the presence of eyes, showed scores different from that of the PDO cheese for all other attributes. On the contrary, PDO cheese showed the same scores as the cheeses obtained applying protocol 3 with lactococci for oil, eyes, strength of odours, spicy, pungent odour, salt, saliva evoking and dispersion and the same scores as the cheeses obtained with the same process inoculated with leuconostocs for colour, pasture and pungent odour and soft/hard consistency. All other attributes of PDO cheese were almost comparable with the results registered for the experimental cheeses of process 3 inoculated with the mesophilic strains, but the results showed by lactococci were most superimposable than those of leuconostocs, on average.
Volatile organic compound composition
Based on the above results, only the experimental cheeses inoculated with lactococci were compared with PDO cheese regarding the VOCs. The results from chromatographic analysis of the cheeses are reported in Table 5 . In the headspace of the cheeses, 18 compounds were identified: 7 acids, 5 alcohols, 3 aldehydes and 3 esters. Control cheese CP3 was characterized by the lowest number of molecules registered, whereas only PDO cheese showed the presence of 18 compounds. The strain Lc. lactis subsp. cremoris PON153, which determined the highest number of volatile compounds among the experimental cheeses, generated a massive increase in the concentrations of all acids and shared a similar VOC profile with the PDO cheese. In particular, heptanoic acid, ethyl esanoate and ethyl octanoate were detected in PDO cheese and the cheese inoculated with Lc. lactis subsp. cremoris PON153. Ethyl decanoate, was detected also in cheese inoculated with Lc. lactis subsp. cremoris PON203 and with the triple Lc combination, but it was at a higher concentration in PDO cheese and the cheese processed with Lc. lactis subsp. cremoris PON153. The last strain determined also the highest level of 2,3-butanediol, but, in general, high concentrations of alcohols were due to the Lc combination. The highest production of aldehydes was registered for the cheese inoculated with Lc. lactis subsp. cremoris PON203.
Induction of the lytic cycle
On the basis of the results obtained by the winter productions, lactococci were selected as starters for Vastedda-like cheese production. However, lysogenic strains cannot be proposed as starters during cheese making, since accidental and spontaneous induction of the lytic cycle leads to production failure (Franciosi et al., 2009 ). Thus, all three lactococci were subjected to a chemical induction of the lytic cycle. The results of PAm (not shown) excluded the presence of lysogenic bacteriophages in Lc. lactis subsp. cremoris PON36, PON153 and PON203.
Summer production of Vastedda cheese
On the basis of the results obtained by the winter productions, lactococci were selected for the four-season production of Vasteddalike cheese. For this reason, the Lactococcus strains needed to be tested during summer, when their dominance during processing can be compromised by the indigenous thermophilic LAB of raw milk which may find favourable conditions for development. All lactococci in single and multiple combinations, after growth in whey, were used to produce Vastedda-like cheese with raw milk during the last week of June and the first week of July at an industrial level to test the performance of the strains outside the experimental cheese factory. Room temperature was, on average 23.5°C during the night and 27.1°C during the day. RAPD analysis (results not shown) allowed the recognition of each Lc. lactis in the corresponding single inoculum, but only Lc. lactis subsp. cremoris PON153 was found at dominant levels after acidification, stretching of curd and 15 days of refrigerated storage of the cheese obtained with the mixed strain starter. Furthermore, VOC analysis of the resulting cheeses (Table 5) showed that also for the summer production the cheese processed with Lc. lactis subsp. cremoris PON153 showed the VOC profile most similar to that of the PDO cheese.
Conclusions
The uncontrolled evolution of microorganisms may lead to variable results in cheese production (Settanni and Moschetti, 2010) . The selection of strains with given technological characteristics is important not only to drive the fermentation process, but also to maintain a certain typicality of traditional cheeses (Settanni et al., 2013) . In order to set up a pool of LAB strains to be used for the four-season production of Vastedda-like cheese, the dynamics of twelve strains isolated from PDO cheeses and belonging to Lb. delbrueckii, Lc. lactis subsp. cremoris, Ln. mesenteroides subsp. mesenteroides and S. thermophilus, which displayed a dairy potential in vitro (Gaglio et al., 2014) , were evaluated at pilot plant scale under controlled conditions in different single or multiple inocula. On the basis of the results shown for the winter and summer productions, at pilot scale and industrial level, respectively, and combining VOC and sensory evaluation, the multi-strain combination of lactococci was selected to act as starter preparation for the four-season production of Vastedda-like cheese. Even though the strains Lc. lactis subsp. cremoris PON36, PON153 and PON203 did not contain lysogenic phages, studies are being prepared to test their resistance to the most common dairy phages and to evaluate their performance in the several dairy factories producing PDO Vastedda della valle del Belìce cheese, which are gathered into a consortium for the protection of this traditional cheese production.
